20 1. Preventing diseases from becoming a problem where they are not is a common 21 ground for disease ecology. The expectation for vector-borne diseases, 22 especially those transmitted by mosquitos, is that warm and wet conditions 23 2 favor vector traits increasing transmission potential. The advent of urbanization 24 altering inner climate conditions hazards to increase mosquito's transmission 25 potential on "disease-free" cooler areas as a consequence of a warming urban 26 heat island (UHI) effect. 27 2. We assessed the realism of the anticipated dengue transmission potential into 28 the southern United States in a causal pathway with the ongoing UHI effect, 29 vectors' spatial distribution patterns, and exogenous environment; We also 30 measured the climatic niche similarity between both dengue vectors species. 31
Ae. aegypti and 29.4 C o for Ae. albopictus (Ryan et al., 2019). However, even though UHI 90 effects might increase the potential for a disease outbreaks at the range margins of 91 vector mosquitoes, UHI effects have received little attention in the infectious disease 92 ecology (Misslin et al., 2016) .
Dengue is a neglected disease that has rapidly expanded geographically over the 94 last decades (Gubler, 2002; Ramos-Castañeda et al., 2017) , and although Ae. aegypti 95 was historically considered the main responsible for dengue urban transmission, Ae. 96 albopictus has starred in recent major outbreak events (Lambrechts et al., 2010) . 97
Despite of their differing invasion timing and native origins (Kaplan et al., 2010) (Johnson et al., 2017) . 106
In the present work, we aim to evaluate the realism of the geographical pattern 107 on dengue transmission potential in the face of the urban heat island effect (UHI) and 108 existing vectors distribution in the southeastern United States. To achieve our goal, we 6 spaces, they do not have equivalent niches, which would result in low overlap between 118 vectors niche and in current avoidance of dengue outbreak on the region. 119 temperature support year-round dengue transmission given the presence of an infected 141 individual (i.e. the basic reproduction number, R0) ranging from 0 to 1, for each vector 142 species, where within pixel values closest to 1 indicate a higher potential for the virus 143 transmission. 144
MATERIALS AND METHODS

(iii) Meteorology and land use 145
To test the effect of urban differential temperature on dengue transmission 146 suitability we used the UHI dataset from 'NASA Socioeconomic Data and Applications 147
Center' (SEDAC, 2016), available at http://sedac.ciesin.columbia.edu/data/set/sdei-148 global-uhi-2013/data-download. The UHI data comprises the estimate of summer 149 daytime maximum and nighttime minimum surface temperature within urban extent 150 and surrounding non-urban areas (buffer of 10 km), and the difference between them, 151 in Celsius degrees. Here we used both daytime and nighttime temperatures, once vector 152 activity is referred to be even superior at nighttime than it is in daylight (Stoddard et al., 153 2009 ). The global GeoTIFF is in the resolution of 30 arc-seconds (~1Km), on which we 154 made a subset based on southeastern United States area. 155
To account for the influence of other urban-modified features on vectors density 156 and dengue transmission we obtained the data referent to precipitation and wind speed does not account for spatial information and the autocorrelation that frequently arise 196 when dealing with spatially explicit structures, which ultimately inflates the type I error 197
given the lack of independence between observations across space (Legendre & 198 Legendre, 1998). 199 Aiming to consider the spatial autocorrelation and provide unbiased regression 200 coefficients we used eigenvector-based spatial filters, which consist on extracting the 201 eigenvectors of a distance matrix describing the spatial structure of the data and adding 202 them as additional predictors into the SEM model (Griffith, 2003) . First, we extracted 203 the geographical coordinates along southeastern U.S. to build a distance matrix, which 204 was truncated at the distance of 300 km based on a previous evaluation of the Moran's 205 I correlogram. Then, the truncated matrix was submitted to a principal coordinate 206 analyses (PCO) and its resultant eigenvectors were selected as predictors based on 207 significance of each partial regression coefficients (following Borcard & Legendre, 2002) . 208
For the spatial filter approach, we used the R packages letsR ( which ranges between 1 (i.e., complete overlap) and 0 (i.e., no overlap) -and compared 222 with 100 random simulated overlap index distribution to test for niche equivalence and 223 niche similarity. 224
RESULTS 225 (a) Density estimation 226
The test for vector occurrence point pattern clustering/dispersion on the 227 southeastern region of United States showed that, when compared with a null 228 distribution of average distance among geographic points, the distance between 229 occurrence points density, for both Ae. albopictus and Ae. aegypti, are greater than with higher weight into the northern portion of southeastern U.S. like Virginia (Fig. 4) . 233
(b) Path model 234
The SEM revealed that the combined influence of diurnal and nocturnal UHI, 235 wind speed, precipitation and land-use-including spatial filters -explained respectively 236 49% and 54% of the variance on Ae. aegypti and Ae. albopictus density (Fig. 2) . In 237 addition, the interaction between vectors occurrence density, UHI and further 238 predictors explained 92% and 90% of variation on dengue transmission suitability 239 respectively by Ae. aegypti and Ae. albopictus into the southeastern U.S. (Fig. 2) . The 240 addition of spatial filters on SEM structure to take in account the unknown endogenous 241 and exogenous influence shaping dengue transmission suitability pattern, improved the 242 model fit based on Akaike information criterion (AIC) and r square. The inclusion of 20 243 spatial filters on Ae. aegypti path model adjusted the AIC from 15356.419 to 11631.864 244 and the R 2 from 0.5 to 0.9, and the 30 spatial filters included on Ae. albopictus model 245 adjusted the AIC from 15655.011 to 11845.485 and the R 2 from 0.34 to 0.9 (Table 1) . 246
The resulting SEM causal path indicated that daytime UHI (Fig. S1 ) is negatively 247 correlated with dengue transmission suitability (b = -0.03; sites with a greater UHI effect 248 are less suitable for transmission by vectors) but positive with the density of both 249 vectors (b = 0.05; 0.02; sites with a greater UHI effect have more of both mosquito 250 species), although the effect on the density pattern of Ae. albopictus is not significant. 251
In contrast to the effect of daytime UHI, the UHI effect during nighttime (Fig. S1 ) was 252 not significantly correlated with dengue transmission suitability in the southeastern U.S.
Interestingly, the density of both vector species was negatively correlated with 254 nighttime UHI (b = -0.04) ( Fig. 2; Table 1 ), such that the effect of daytime UHI and 255 nighttime UHI were in the opposite directions for the mosquito species agglomeration 256 pattern. Precipitation was strongly positively correlated with the density of both vectors 257 (b = 0.31; 0.23), while its effect in dengue transmission suitability was not significant. 258
The SEM path output also indicated that wind speed has a high negative effect on the 259 density of both vector species (b = -0.19; -0.07), however it showed a positive 260 association with dengue transmission suitability by Ae. aegypti (b = 0.07) and Ae. 261 albopictus (b = 0.013). The effect of land-use over dengue predictors was indirect via its 262 influence on UHI (b = 0.07; 0.05). Moreover, the occurrence density of the two vectors 263 was not correlated with dengue transmission suitability in the southeastern U.S. (Fig. 2 ; 264 Table 1 ). 265
(c) Niche overlap 266
Schoener's D niche overlap index revealed a high level of overlap between Ae. 267 albopictus and Ae. aegypti niches (Fig. 3) . The niche similarity test showed that niche 268 overlap comparisons between one randomly distributed over the unchanged other (1 -269 > 2) and vice versa (2 -> 1) had a Schoener's D of 0.44, thus distant from a completely 270 unrelated scenario (i.e., D = 0). The vector species niches are represented by the 1 st axes 271 of the PCA-env, that is associated with temperature-related bioclimatic variables, and 272 by the 2 nd axes, that is associated with precipitation-related variables. In spite of the 273 high niche overlap and similarity of both vectors species, the result of the one-tailed 274 niche equivalence test showed a significantly lower niche equivalence between both 275 main dengue vectors (p-value = 0.001). speed, and precipitation all together were highly congruent with the expectation of 290 dengue transmission suitability on the southeastern U.S., which aligns with the concern 291 of urbanization style shaping the probability of mosquito-borne disease transmission 292 (Gubler, 2011). vectors accumulation on the subtropical southeastern U.S. (Fig. 2; Table 1 ). However, 303 contrary to the expected higher dengue probability in warmer urban temperature 304 (Halstead, 2008) , transmission potential showed conformity with the sub-urban lower 305 temperature. In fact, previous works highlighted that mosquito transmission increased 306 In cities where dengue transmission is a seasonal event, human population cluster 313 share space with high density of mosquitoes, usually a strong predictor for arboviral 314 transmission potential (Halstead, 2008; Ladeau et al., 2015) . Our results otherwise 315 showed that the density derived from occurrence data was not a good predictor of the 316 dengue potential predicted by the temperature-based transmission model in the 317 southeastern U.S. This result might either represent that the mosquito records within 318 the studied area are not sufficient to predict the emergence of dengue, or that both 319 species aggregation does not overlap the dengue transmission suitability areas. 320
Although previous works have indicated a positive association between vector density 321 and disease incidence (Walk et al., 2009 ), this association does not occur in all cases 322 (Halstead, 2008) . For instance, in Singapore the extreme reduction of Ae. aegypti density did not avoid the continued dengue infection (Chan, 1985) . Here we found that both 324 mosquito species densities were more related with urban then suburban temperatures 325 (Table S1) The southeastern U.S. have a particular precipitation regime with much higher 331 humidity than other U.S. locations. Consequently, the UHI effect-which follows 332 precipitation gradient (Manoli et al., 2019) -is increased in this region, where annual UHI 333 effect is around 3.9 C o higher than dryer U.S. regions (Zhao et al., 2014) . Besides the 334 indirect effect on urban temperature higher precipitation is also expected to increase 335 mosquito density by increasing breeding sites and oviposition (Halstead, 2008), and our 336 results showed a positive association between precipitation and both species' densities, 337 supporting this prediction. However, precipitation was not a good support for the 338 dengue suitability range expected by the global temperature model. In this sense, the 339 background effect of higher precipitation on the southeastern U.S. UHI might indirectly 340 impose thermal limitations to dengue transmission range, even where wind speed is 341 expected to facilitate the transmission contact (Cummins et al., 2012). To fully 342 comprehend this complex association between precipitation and UHI on dengue 343 transmission, further works should include the urban differential climate into mosquito-344 borne disease transmission models. 345
The niche comparison revealed that, in spite of distinct invasion time by dengue 4). Accordingly, given the observed low prediction of dengue transmission suitability by 349 vector density on the southeastern U.S., the ongoing climatic space occupied by both 350 species may be the main factor avoiding a dengue outbreak into the region, when other 351 important features are favorable (e.g., autochthonous virus, lack of heard immunity). 352
However, our results also highlight that the climatic niche space of both species are not 353 completely fulfilled (solid line Fig. 3 
